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(57) A hollow fiber membrane cartridge wherein a 
cartridge head and a bottom ring are connected and 
fixed to each other by means of a plurality of rods or 
pipes, the hollow portion at the end of each hollow fiber 
membrane on the cartridge head side is open, the hol- 
low portion at the end of each hollow fiber membrane 
on the bottom ring side is sealed, and a plurality of 
through-holes are provided in an adhesion and fixation 
layer on the bottom ring side and are located in a bundle 
of the hollow fiber membranes. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a filtration car- 
tridge using hollow fiber membranes which is set in a 
tank type filtration apparatus, a rack type filtration appa- 
ratus or an immersion type filtration apparatus, in which 
filtration is carried out under pressure or by suction. 
More particularly, the present invention relates to a hol- 
low fiber membrane cartridge used in a filtration appa- 
ratus for removing turbidity and bacteria from a large vol- 
ume of raw water such as river water, lake water, under- 
ground water, sea water, life waste water or industrial 
waste water or a filtration apparatus for solid-liquid sep- 
aration in activated-sludge treatment; and a module for 
rack type filtration apparatus, or a tank type filtration ap- 
paratus, which uses said hollow fiber membrane car- 
tridge. 

BACKGROUND ART 

[0002] JP-A-61-1 531 04 1 discloses, as a conventional 
cartridge using hollow fiber membranes, a cartridge 
having the following structure: a plurality of hollow fiber 
membranes are accommodated in a cylindrical casing, 
both ends of each hollow fiber membrane are fixed to 
the cylindrical casing in the upper and lower adhesion 
and fixation portions, respectively, and the cylindrical 
casing is a casing integrally molded so as to extend to 
the upper and lower ends of the hollow fiber mem- 
branes. The hollow portions of a large number of the 
hollow fiber membranes are open in the upper adhesion 
and fixation portion of the cartridge but are sealed in the 
lower adhesion and fixation portion, and an adhesive 
layer in the lower adhesion and fixation portion has a 
plurality of through- holes. A gas chamber surrounded 
by the cylindrical casing is formed under the lower ad- 
hesion and fixation portion. 

[0003] This hollow fiber membrane cartridge is for fil- 
tration under external pressure and is used after being 
set in a filtration column. When materials to be filtered 
are accumulated on the outer surfaces of the mem- 
branes, the filtering capability of the membranes is di- 
minished, and therefore a washing procedure for remov- 
ing the accumulated materials on the surfaces of the 
membranes is carried out after filtration for a definite 
time. 

[0004] For this washing procedure, a method called 
gas bubbling is adopted which comprises introducing a 
gas into the hollow fiber membrane cartridge through its 
lower portion in a filtration column filled with raw water, 
and vibrating the hollow fiber membranes in a gas-liquid 
mixed fluid to peel off the accumulated materials on the 
surfaces of the membranes. 

[0005] However, in the hollow fiber membrane car- 
tridge, gas bubbling has insufficient washing effect in 
some cases because both ends of each hollow fiber 



membrane are fixed to the cylindrical casing, so that the 
extension and vibration of the hollow fiber membranes 
are limited. This phenomenon is remarkable and causes 
troubles in a long-term filtration operation, particularly 

s when the diameter of the cartridge is large. 

[0006] On the other hand, JP-A-2000-157846 has 
proposed a hollow fiber membrane cartridge comprising 
a cartridge head and a bottom ring to which the end of 
a bundle of hollow fiber membranes is adhered and 

10 fixed, wherein the cartridge head and the bottom ring 
are not connected and fixed to each other, and a plurality 
of through-holes for gas introduction are provided in the 
adhesion and fixation layer of the bottom ring. This hol- 
low fiber membrane cartridge has no cylindrical casing 

15 and hence is'advantageous in that the extension and 
vibration of the hollow fiber membranes are not limited 
during gas bubbling, so that it is easy to peel off sus- 
pended materials accumulated on the surfaces of the 
membranes and to discharge the suspended materials 

20 peeled off, from the .cartridge. 

[0007] However, in this hollow fiber membrane car- 
tridge, the feed rate of a gas must be limited in order to 
prevent the bundle of the hollow fiber membranes from 
bending due to the lift of the bottom ring during the gas 

25 bubbling. On the other hand, when the gas bubbling is 
repeatedly conducted for a long period of time by the 
use of a large volume of a gas in order to obtain a suf- 
ficient washing effect, the bundle of the hollow fiber 
membranes is repeatedly bent, so that the hollow fiber 

30 membranes are cut in some cases. Therefore, in either 
case, a long-term filtration operation is difficult to carry 
out stably. 

[0008] JP-A-1 0-1 37552 discloses a cartridge in which 
an upper adhesion and fixation layer and a lower adhe- 

35 sion and fixation layer are connected to each other by 
locating a supporting column in the center of a bundle 
of membranes. This cartridge makes it possible to avoid 
the buckling of the bundle of hollow fiber membranes 
during gas bubbling by the location of the supporting col- 

40 umn in the center but involves the following problems: 
insufficient washing effect is obtained because of the 
low efficiency of contact between bubbles and the hol- 
low fiber membranes, the cartridge has insufficient re- 
sistance to a torsion produced during handling or gas 

45 bubbling, and the cartridge is difficult to handle because 
its upper and/or lower adhesion and fixation portion 
should be held when the cartridge is carried. 
[0009] In addition , WO98/28066 discloses a cartridge 
obtained by surrounding the periphery of a bundle of 

so membranes with a perforated cage- like member. This 
cartridge is disadvantageous in that since only a small 
washing effect can be obtained therein because the vi- 
bration of the hollow fiber membranes during gas bub- 
bling is limited, a large volume of gas needs to be intro- 

55 duced thereinto in order to obtain a sufficient washing 
effect. 



2 



3 



EP1 310 291 A1 



4 



DISCLOSURE OF THE INVENTION 

[0010] The present invention is intended to provide a 
hollow fiber membrane cartridge which makes it easy to 
peel off suspended materials accumulated on the outer s 
surfaces of hollow fiber membranes, by the Introduction 
of a small volume of a gas by extending and/or vibrating 
each hollow fiber membrane as much as possible at the 
time of washing by gas bubbling, permits easy dis- 
charge of the peeled-off suspended materials from the io 
hollow fiber membrane cartridge, and makes it possible 
to carry out a long-term stable filtration operation; and 
to provide a module for filtration apparatus or a filtration 
apparatus, which uses said hollow fiber membrane car- 
tridge. 15 
[001 1 ] The present inventors earnestly investigated in 
order to solve the problems described above, and con- 
sequently found that a cartridge obtained by connecting 
and fixing a cartridge head and a bottom ring to each 
other by means of a plurality of rods or pipes is suitable 20 
for the above purpose, and that employment of hollow 
fiber membranes having a specific modulus in tension 
makes it possible to obtain a sufficient washing effect 
by using a small volume of a gas. On the basis of this 
finding, the present invention has been accomplished. 25 
[0012] That is, the present invention is as follows. 

(1) A hollow fiber membrane cartridge comprising a 
bundle of a plurality of hollow fiber membranes, 
both ends of which are fixed by adhesion in adhe- 30 
sion and fixation layers, respectively, a cartridge 
head fixed at the periphery of the bundle at one end 

so as not to permit the passage of liquid either in or 
out, and a bottom ring fixed at the periphery of the 
bundle at the other end so as not to permit the pas- 35 
sage of liquid either in or out, which is characterized 
in that said cartridge head and said bottom ring are 
connected and fixed to a plurality of rods or pipes, 
the hollow portion at the end of each hollow fiber 
membrane on the cartridge head side is open, the *o 
hollow portion at the end of each hollow fiber mem- 
brane on the bottom ring side is sealed, and a plu- 
rality of through-holes are provided in the adhesion 
and fixation layer on the bottom ring side and are 
located in the bundle of the hollow fiber mem- 45 
branes. 

(2) A hollow fiber membrane cartridge according to 
the above item (1), wherein the end of said bottom 
ring juts out beyond the ends of the hollow fiber 
membranes. so 

(3) A hollow fiber membrane cartridge according to 
the above item (1) or (2), wherein said cartridge 
head has a collar at its periphery. 

(4) A hollow fiber membrane cartridge according to 
any one of the above items (1 ) to (3), wherein said 55 
rods or pipes are located near the periphery of the 
bundle of the hollow fiber membranes. 

(5) A hollow fiber membrane cartridge according to 



the above item (4), wherein said rods or pipes are 
connected and fixed to said cartridge head and said 
bottom ring by adhesion to them together with the 
hollow fiber membranes in the adhesion and fixa- 
tion layers. 

(6) A hollow fiber membrane cartridge according to 
any one of the above items (1) to (5), wherein the 
hollow fiber membranes have waves. 

(7) A hollow fiber membrane cartridge according to 
any one of the above items (1) to (6), wherein the 
modulus in tension of the hollow fiber membrane is 
less than 90 MPa and not less than 10 MPa. 

(8) A hollow fiber membrane cartridge according to 
the above item (7), wherein the modulus in tension 
of the hollow fiber membrane is not more than 70 
MPa and not less than 10 MPa. 

(9) A hollow fiber membrane cartridge according to 
any one of the above items (1) to (8), wherein the 
hollow fiber membranes are in a slacked state and 
the rate of slacking is not more than 10% and not 
less than 0.1%. 

(10) A hollow fiber membrane cartridge according 
to any one of the above items (1) to (9), wherein 
said plurality of through-holes provided in the adhe- 
sion and fixation layer on the bottom ring side are 
located so that the hollow fiber membranes are 
present among the through-holes. 

(11) A hollow fiber membrane cartridge according 
to any one of the above items (1 ) to (10), wherein 
said plurality of through-holes provided in the adhe- 
sion and fixation layer on the bottom ring side have 
an inside diameter of 2 to 30 mm. 

(12) A hollow fiber membrane cartridge according 
to any one of the above Items (1) to (11), wherein 
an adhesive constituting said adhesion and fixation 
layers is a urethane resin having such a character- 
istic that its hardness is 70D to 30D in a working 
temperature range. 

(13) A module for rack type filtration apparatus us- 
ing a hollow fiber membrane cartridge according to 
any one of the above items (1) to (12). 

(14) A tank type filtration apparatus using a hollow 
fiber membrane cartridge according to any one of 
the above items (1) to (12). 

(15) A tank type filtration apparatus according to the 
above item (14), wherein said hollow fiber mem- 
brane cartridge is supported in a suspended state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] 

Fig. 1 is a sectional illustration showing one embod- 
iment of the hollow fiber membrane cartridge of the 
present invention supported in a suspended state 
in a tank type filtration apparatus. 
Fig. 2 is an enlarged view of the principal part show- 
ing the structure of the bottom ring adhesion and 
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fixation portion of the holiow fiber membrane car- 
tridge shown in Fig. 1 . 

Fig. 3 is a schematic illustration of the known hollow 
fiber membrane cartridge. 

Fig. 4 is a sectional illustration showing one embod- 
iment of the hollow fiber membrane cartridge of the 
present invention fixed by suspension from a treat- 
ed water header piping in a tank type filtration ap- 
paratus. 

Fig. 5 is a sectional illustration showing one embod- 
iment of a housing constituting a module used in a 
rack type filtration apparatus. 
Fig. 6 is a sectional illustration showing one embod- 
iment of a module used in a rack type filtration ap- 
paratus, namely, a module obtained by accommo- 
dating the hollow fiber membrane cartridge of the 
present invention in the housing shown in Fig. 5. 
Fig. 7 is a sectional illustration showing one exam- 
ple of the location of through-holes in the bottom 
ring adhesion and fixation portion of the hollow fiber 
membrane cartridge. 

Fig. 8 is a sectional illustration showing another ex- 
ample of the location of through-holes in the bottom 
ring adhesion and fixation portion of the hollow fiber 
membrane cartridge. 

Fig. 9 is an enlarged illustration of the principal part 
showing one embodiment of the connection of a 
cartridge header to the piping of an apparatus in Fig. 
4. 

Fig. 1 0 is an enlarged illustration of the principal part 
showing one embodiment of the connection of a 
cartridge header in the case of Fig. 8 to the piping 
of an apparatus. 

Fig. 11 is an enlarged illustration of the principal part 
showing one embodiment of the connection of a 
cartridge header to the piping of an apparatus used 
in immersion type filtration carried out by direct im- 
mersion in raw water followed by filtration by suc- 
tion. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[001 4] Embodiments of the present invention are con- 
cretely explained below with reference to the drawings. 
[0015] Fig. 1 is a sectional illustration showing one 
embodiment of the hollow fiber membrane cartridge of 
the present invention supported in a suspended state in 
a tank type filtration apparatus. Fig. 2, Fig. 7 and Fig. 8 
are illustrations for explaining the structure of the bottom 
ring adhesion and fixation portion of the hollow fiber 
membrane cartridge. Fig. 6 is a sectional illustration 
showing one embodiment of the hollow fiber membrane 
cartridge in a module used in a rack type filtration appa- 
ratus. Figs. 9 to 11 are sectional illustrations showing 
embodiments of the connection of a cartridge header to 
the piping of an apparatus. 

[0016] The hollow fiber membrane cartridge 4 of the 
present invention is composed of a large number of hol- 



low fiber membranes 3a, connecting pipes 3b, an adhe- 
sion and fixation layer 1 1 , a cartridge head 1 2, an adhe- 
sion and fixation layer 14 and a bottom ring 13. 
[001 7] At one end of a bundle of the hollow fiber mem- 

s branes 3a and one end of each connecting pipe 3b, the 
hollow fiber membranes are integrally bonded to one an- 
other with an adhesive and are integrally attached to the 
inside of the cartridge head 1 2 to form the adhesion and 
fixation layer 11. The ends of the hollow fiber mem- 

10 branes 3a on the cartridge head 12 side are open. 
[001 8] At the other end of the bundle of the hollow fib- 
er membranes 3a and the other end of each connecting 
pipe 3b, the hollow fiber membranes are integrally bond- 
ed to one another with an adhesive and are integrally 

15 attached to the inside of the bottom ring 13 to form the 
adhesion and fixation layer 14. The ends of the hollow 
fiber membranes 3a on the bottom ring 13 side are 
sealed. As shown in Fig. 2, a plurality of through-holes 
14a are formed in the adhesion and fixation layer 14 in 

20 order to introduce raw water or a gas for washing into 
the bundle of the hollow fiber membranes and bring the 
raw water orthe gas effectively into contact with the out- 
er surface of each hollow fiber membrane. 
[0019] The diameter of the hollow fiber membrane 

25 cartridge 4 is 30 mm to 800 mm, preferably 80 mm to 
800 mm. The length of the hollow fiber membrane car- 
tridge 4 ranges preferably from 300 mm to 3,000 mm. 
[0020] In the present invention, the cartridge head 1 2 
and the bottom ring 1 3 are connected and fixed to each 

30 other by means of two or more rods or pipes. A cylindri- 
cal casing such as that of the conventional cartridge 
shown in Fig. 3 is not present at the periphery of the 
bundle of the hollow fiber membranes 3a between the 
cartridge head 12 and the bottom ring 13, and substan- 

35 tially throughout this range, the hollow fiber membranes 
are exposed. Although a method for connecting the car- 
tridge head and the bottom ring to each other by the plu- 
rality of the rods or pipes is not particularly limited, the 
rods or pipes are preferably fixed by embedding the rods 

40 or pipes in the adhesion and fixation layers as described 
above. 

[0021] When the cartridge head 12 and the bottom 
ring 13 are not connected and fixed to each other, in- 
creasing the flow rate of a gas or water in washing by 

45 gas bubbling or flushing lifts the bottom ring to bend the 
bundle of the hollow fiber membranes, when the flow 
rate exceeds a definite rate, though the definite rate is 
dependent on the strength of the hollow fiber mem- 
branes, the number of the hollow fiber membranes and 

50 the length of the hollow fiber membranes. 

[0022] When only one rod or pipe is used for the con- 
nection and fixation, a stress is centered at one point 
and moreover, the cartridge is insufficient in resistance 
to bending or twisting in the lateral direction. This phe- 

55 nomenon is remarkable and causes troubles in a long- 
term filtration operation, particularly when the diameter 
of the cartridge is large. 

[0023] As to the size of the rods or pipes for the con- 
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nection and fixation, the equivalent diameter of the rods 
or pipes ranges from 2 mm to 30 mm. Here, the equiv- 
alent diameter is defined as 4 x (sectional area of flow 
path) / (circumference). The shape of the cross-section 
of the rods or pipes for the connection and fixation is 
selected from polygons (e.g. triangle, tetragon and hex- 
agon), a round shape, an oval shape, a fan shape, a C 
shape, a star shape, etc. The rods or pipes preferably 
have in particular a round shape of cross-section. The 
number of the rods or pipes is 2 to 30 though it is de- 
pendent on the sectional area of the cartridge and the 
number of fibers. 

[0024] Although the size and number of the rods or 
pipes should be determined so that the rods or pipes 
can withstand a mechanical load applied at the time of 
use or handling, they are preferably minimized as much 
as possible because when the size or number deter- 
mined is excessive, the rods or pipes occupy a large 
area, resulting in a small membrane area per unit area. 
For the minimization, the location of the plurality of the 
rods or pipes is an important factor. That is, the rods or 
pipes are preferably located so that they can uniformly 
receive a force applied from below during gas bubbling 
or flushing. For example, the rods or pipes are prefera- 
bly located at regular intervals at the periphery of the 
bundle of fibers or located so as to be dispersed in the 
bundle of fibers. Particularly when the rods or pipes are 
located in the vicinity of the periphery of the bundle of 
fibers, the cartridge can be handled by holding the rods 
or pipes, so that the handleability is markedly improved. 
Furthermore, a sufficient mechanical strength against 
buckling and torsion can be assured even if the rods or 
pipes occupy only a small area. Therefore : it is espe- 
cially preferable to locate the rods or pipes in the vicinity 
of the periphery of the bundle of fibers. The term "the 
vicinity of the periphery" used here means an inner por- 
tion of the bundle of fibers which extends over a distance 
of one-fourth the diameter of the bundle of fibers from 
the periphery surface of the bundle of fibers. 
[0025] For fixing the rods or pipes for the connection 
and fixation to the adhesion layer 11 on the cartridge 
header side and the adhesion layer 14 on the bottom 
ring side, the following methods, for example, can be 
adopted: a method of fixing the rods or pipes with an 
adhesive together with the bundle of the hollow fiber 
membranes; a method of previously making holes in the 
cartridge header and the bottom ring in order to insert 
the rods or pipes for the connection and fixation into the 
holes, inserting the rods or pipes for the connection and 
fixation into the holes, and adhering and fixing the rods 
or pipes together with the bundle of the hollow fiber 
membranes; and a method of fixing the rods or pipes at 
the peripheries of the cartridge header and the bottom 
ring. The methods of adhering and fixing the rods or 
pipes to the adhesion and fixation layers together with 
the hollow fiber membranes are suitable. 
[0026] As the hollow fiber membrane 3a used in the 
present invention, reverse osmosis membranes, nano- 



filtration membranes, ultrafiltration membranes and mi- 
crof iltration membranes can be used from the viewpoint 
of pore size. 

[0027] A flexible hollow fiber membrane is preferably 
5 chosen as the hollow fiber membrane 3a because it 
brings about a sufficient washing effect even at a rela- 
tively small volume of a gas. Specifically, the modulus 
in tension of the hollow fiber membrane is preferably 
less than 90 MPa and not less than 10 MPa, more pref- 
erably not more than 70 MPa and not less than 1 0 MPa, 
still more preferably not more than 60 MPa and not less 
than 10 MPa. The modulus intension is a value obtained 
by using the following measuring method and is a value 
measured for the membrane in use, namely, the mem- 
brane in a wet state. In detail, the modulus in tension 
was determined by pulling the membrane with a tensile 
tester under conditions of a distance between chucks of 
50 mm and a rate of pulling of 200 mm/min, determining 
a load at an elongation of 100% by extrapolation from a 
load at an elongation of 0. 1 % and a load at an elongation 
of 5%, and dividing the load at an elongation of 1 00% 
by the sectional area of the hollow fiber membrane. 
[0028] A material for the hollow fiber membrane 3a is 
not particularly limited and includes polysulfones, poly- 
ether sulfones, polyacrylonitriles, polyimides, polyether 
imides, polyamides, polyether ketones, polyether ether 
ketones, polyethylenes, poly propylenes, poly(4-methyl- 
pentene)s, ethylene-vinyl alcohol copolymers, cellulos- 
es, cellulose acetates, poly(vinylidene fluoride)s, ethyl- 
ene-tetrafluoro-ethylene copolymers, polytetrafluor- 
oethylenes, etc. Composite materials thereof can also 
be used. Of the above-exemplified materials, the poly- 
ethylenes, polypropylenes, ethylene-vinyl alcohol co- 
polymers, celluloses, poly(vinylidene fluoride)s and the 
like are preferable because they can easily give a mem- 
brane having a modulus of tension in the above range. 
[0029] As to the shape of the hollow fiber membrane, 
hollow fiber membranes having an inside diameter of 50 
\xxr\ to 3,000 fim, preferably 500 jim to 2,000 \im, and a 
ratio of inside diameter to outside diameter of 0.3 to 0.8 
are suitably used. 

[0030] In addition, the hollow fiber membrane prefer- 
ably has waves. When accumulated materials adhering 
to the outer surfaces of the hollow fiber membranes are 
washed away by gas bubbling, the surfaces of the hol- 
low fiber membranes are rubbed by contact between the 
hollow fiber membranes or contact of the hollow fiber 
membranes with the inner wall surface of a housing, so 
that the water permeability is deteriorated in some cas- 
es. When the hollow fiber membrane has waves, the 
contact area can be reduced, so that the deterioration 
of the water permeability by the rubbing can be markedly 
reduced. Furthermore, when the hollow fiber membrane 
has waves, the waves exhibit such an effect that the ac- 
cumulated materials washed away from the surfaces of 
the membranes are easy to discharge from the bundle 
of the membranes. 

[0031] The manner of the waving, i.e., the degree of 
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the waving is expressed in terms of the degree of crimp- 
ing of the bundle of the hollow fiber membranes. The 
degree of crimping is preferably less than 2.5 and not 
less than 1 .5. When the degree of crimping is less than 
1.5, the suppression of the rubbing phenomenon and 5 
the discharge of the accumulated materials are not suf- 
ficient. When the degree of crimping is not less than 2.5, 
there arise disadvantages, for example, in that the out- 
side diameter of the bundle is increased, resulting in an 
increased size of the adhesion and fixation portions of 
the cartridge. The term "degree of crimping n used here 
means a value obtained by bundling 1 ,000 hollow fiber 
membranes to put them in order, winding a PET film with 
a thickness of 200 u.m and a width of 40 mm having a 
spring balance attached to the end of the film : around 
the bundle of the hollow fiber membranes, measuring 
the circumference of the bundle of the hollow fiber mem- 
branes while applying a load of 1 kg by pulling the spring 
balance, and calculating the value by the following 
equation: 

Degree of crimping = (circumference [m] / n) 2 
/ ((outside diameter of hollow fiber membrane [m]) 2 x 
number of hollow fiber membranes) 

[0032] In the cartridge of the present invention, the 
hollow fiber membranes are preferably fixed in a some- 
what slacked state. The slacked state is expressed in 
terms of the rate of slacking described below. The rate 
of slacking is preferably 0.1 to 10%, in particular, 1 to 
5%. When the rate of slacking is less than 0.1%, the 
vibration of the hollow fibers during gas bubbling is lim- 
ited, so that the tendency of the membrane surface 
washing effect to diminish is strengthened. When the 
rate of slacking is more than 1 0%, the distance between 
the hollow fiber membranes is uselessly increased, and 
hence the efficiency of contact with bubbles is de- 
creased, so that the membrane surface washing effect 
tends to be lessened. 

[0033] The term "rate of slacking" means a percent- 
age obtained by measuring the deflection distance L2 
of the bundle of the hollow fiber membranes in a water- 
containing state which is due to the weight of the bundle 
itself, while keeping the cartridge horizontal, and divid- 
ing L2 by the distance L1 between the adhesive inter- 
faces (the surfaces on the cartridge center side) of the 
cartridge header and the bottom ring, respectively, 
which are fixed by means of the rods or pipes. The rate 
of slacking is represented by the following equation: 

Rate of slacking = (L2/L1) x 100 

[0034] As the adhesive used in the present invention, 
polymeric materials such as epoxy resins, urethane res- 



ins, epoxyacrylate resins, silicone resins and the like are 
preferable. Of these, the urethane resins are especially 
preferable because their reaction goes to completion in 
a relatively short time. In the cartridge head fixed by the 
use of such an adhesive, the adhesion and fixation por- 
tion should have such a pressure resistance that the ad- 
hesion and fixation portion can withstand a differential 
pressure produced during use. For this purpose, the ad- 
hesive preferably has a proper hardness. On the other 
hand, the hollow fiber membranes are broken in some 
cases at the adhesive interfaces of the membranes by 
vibration during gas bubbling. This membrane breakage 
can be prevented by using an adhesive having a proper 
softness. Therefore, in order to impart a necessary and 
sufficient pressure resistance for use and prevent the 
membrane breakage, it is preferable to use an adhesive 
having such a characteristic that it has a hardness of 
30D to 70D in a working-temperature range. The term 
"hardness" used here means a value measured 1 0 sec- 
onds after pressing a Shore hardness meter against the 
substantially smooth surface of a sample. When this val- 
ue is more than 70D, the tendency of the membrane 
breakage to take place at the adhesive interface with 
the hollow fiber membranes is strengthened. When the 
value is less than 30D, the pressure resistance is not 
sufficient, so that the adhesion and fixation portion is 
damaged causing leakage, in some cases. 
[0035] As a method for the adhesion, well-known 
methods such as centrifugal adhesion method, still- 
standing adhesion method and the like are adopted. 
When the curing shrinkage and strength of the adhesive 
are desired to.be improved, a fibrous material such as 
glass fiber or carbon fiber, or fine powder of carbon 
black, alumina, silica or the like may be incorporated into 
the above-exemplified adhesive. 

[0036] Materials for the cartridge head 12, the bottom 
ring 13 and the connecting rods or pipes 3b which are 
used in the present invention are not particularly limited 
and may be the same or different. Thermoplastic resins, 
stainless steel and composite materials such as fiber re- 
inforced plastic are preferably used as the materials. 
[0037] As the thermoplastic resins, there are used 
polysulfones, polyether sulfones, polyimides, polyether 
imides, polyamides, polyether ketones, polyether ether 
ketones, polyethylenes, polypropylenes, poly(4-methyl- 
pentene)s, poly(vinylidene fluoride)s, ethylene- 
tetrafluoroethylene copolymers, polytetrafluoroeth- 
ylenes, polycarbonates, acrylonitrile-butadiene-styrene 
copolymers (ABS resins), polyphenylene ethers, etc. As 
the stainless steel, SUS304, SUS316, etc. are used. 
[0038] The cartridge head 1 2 serves not only as a fix- 
ation portion for suspending the hollow fiber membrane 
cartridge 4 in a module housing for a tank type filtration 
apparatus or a rack type filtration apparatus but also as 
a sealing portion for separation between raw water and 
filtered water. Therefore, the cartridge head 12 is pro- 
duced in a shape suitable for the suspension, the fixa- 
tion and the structure of a seal. For example, a level 
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difference, a groove or a collar projecting outside in the 
direction of diameter may be provided at the periphery 
of the cartridge head 1 2. Suitable examples of the shape 
of the cartridge head are shown in Fig. 9 to Fig. 11 . 
[0039] Although the shape of section in the direction 
of diameter of the cartridge head 12 may be round, 
square, hexagonal, oval or the like, it is preferably round 
from the viewpoint of sealing properties between the 
cartridge head 12 and an adhesion and fixation portion 
therefor and ease of production of a filtration tank. 
[0040] The through-holes 14a provided in the adhe- 
sion and fixation layer 14 on the bottom ring side in the 
present invention are holes made in the adhesion and 
fixation layer itself. As to the size of the through-holes, 
their equivalent diameter ranges preferably from 2 mm 
to 30 mm, in particular, from 5 mm to 25 mm. When the 
equivalent diameter is less than 2 mm, suspended ma- 
terials in feed water adheres to the through-holes to plug 
them, in some cases. This tendency increases particu- 
larly in the treatment of water containing a high concen- 
tration of suspended materials, such as water to be sub- 
jected to activated sludge treatment. Therefore, the 
equivalent diameter is preferably adjusted to 5 mm or 
more. When the equivalent diameter is more than 30 
mm, uniform introduction of bubbles into the whole bun- 
dle of the membranes becomes difficult, so that the ef- 
ficiency of utilization of a gas tends to be decreased. 
Here, the equivalent diameter is defined as 4 x (section- 
al area of flow path) / (circumference). The shape of the 
through-holes may be any of polygons (e.g. triangle, 
tetragon and hexagon), a round shape, an oval shape, 
a fan shape, a C shape, a star shape, etc. 
[0041] Although the number of the through-holes is 
dependent on the sectional area of the cartridge and the 
number of fibers, it is approximately 2 to 300, preferably 
5 to 1 00, more preferably 1 0 to 60. 
[0042] As to the location of the through-holes on a cer- 
tain adhesion and fixation section, the through-holes 
should be in the bundle of the hollow fiber membranes. 
When the through-holes are located outside the bundle 
of the membranes, contact between bubbles rising from 
the through-holes and the hollow fiber membranes is not 
sufficient, so that the efficiency of utilization of a gas sup- 
plied is decreased. As to the location of the through- 
holes, it is especially preferable to disperse the through- 
holes so that one or more hollow fiber membranes are 
certainly present between one of the through-hole and 
at least one of the other through holes. It is more pref- 
erable to form many of the through-holes in the central 
portion of the bundle of the hollow fiber membranes. For 
example, it is preferable to form the through-holes so 
thatthey are dispersed on the adhesion and fixation sec- 
tion at the intersections of multiplexed circles and radial 
lines, the intersections of lattices, or the apexes of a 
large number of equilateral triangles. Fig. 7 shows a 
case where the through-holes are radially located in the 
bundle of the membranes, and as to a certain through- 
hole, any of the hollow fiber membranes is not neces- 



sarily present between a certain pair of through-holes, 
but one or more of the hollow fiber membranes are 
present between another pair of through-holes. By pro- 
viding suitable spaces among the through-holes by the 

5 location described above, suspended materials peeled 
off can be effectively discharged through a feed water 
inlet after gas bubbling, for example, in a module for rack 
type filtration apparatus. Fig. 8 shows a case where the 
through-holes are located so that one or more of the hol- 

10 low fiber membranes are present between every pair of 
through-holes. By such location of the through-holes, 
the efficiency of utilization of a gas introduced can be 
increased, so that a necessary washing effect can be 
obtained even by the use of a small volume of a gas. 

is [0043] In the present invention, the bottom ring 13 
preferably juts out beyond the ends of the hollow fiber 
membranes 3a to form a skirt portion, and is preferably 
fixed at the periphery of the bundle of the hollow fiber 
membranes to form a gas layer 14b surrounded by the 

20 adhesion and fixation layer and the bottom ring. Al- 
though the length of the portion of the bottom ring 13 
which juts out from the ends of the hollow fiber mem- 
branes is dependent on the diameter of the cartridge, 
the volume of a gas supplied and the diameter and 

25 number of the through-holes, it is preferably 5 mm to 
200 mm for preventing dispersion and loss of the gas. 
When said portion is too long, the total length of the car- 
tridge is undesirably long, resulting in the formation of a 
useless space. When said portion is too short, the gas 

30 supplied to the cartridge tends to be dispersed and lost 
in the lateral direction without being effectively intro- 
duced into the through-holes. It is possible to open the 
bottom of the skirt portion and introduce a gas from be- 
low the bottom. It is also possible to join a removable lid 

35 for sealing the lower portion of the skirt portion, to the 
lower portion and introduce a gas into the gas layer 14b 
by joining a gas-supplying means directly to the lid and/ 
or the jutting-out portion forming the skirt. 
[0044] The shape of section in the direction of diam- 

40 eter of the bottom ring 13 may be round, square, hex- 
agonal, oval or the like. When the cartridge is set in a 
filtration tank, the shape of section is preferably the 
same as that of the cartridge head, and a round shape 
is especially preferable as the shape of section. 

45 [0045] The hollow fiber membrane cartridge of the 
present invention can be produced as follows. A bundle 
of hollow fiber membranes whose hollow portions have 
been stopped at one end of the bundle and pipes for 
connection and fixation are inserted into a cartridge 

so head 12, and an adhesive is introduced into the car- 
tridge head 12 to adhere and fix the hollow fiber mem- 
branes to one another and adhere and fix the pipes for 
connection and fixation and the bundle of the hollow fib- 
er membranes to the cartridge head 1 2, so as not to per- 

55 mitthe passage of liquid either in or out. The hollow fiber 
membranes and the adhesion and fixation layer are cut 
together to open the ends of the hollow fiber mem- 
branes. 
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[0046] The other ends of the hollow fiber membranes 
are inserted into a bottom ring together with the pipes 
for connection and fixation without stopping their hollow 
portions, and a predetermined rod, pipe or plate for 
forming through-holes 1 4a is set in the bundle of the hoi- 5 
low fiber membranes. Then, an adhesive is introduced 
into the bottom ring 1 3 to adhere and fix the hollow fiber 
membranes to one another and adhere and fix the pipes 
for connection and fixation and the bundle of the hollow 
fiber membranes to the bottom ring 1 3. In this case, the 
hollow portions at the ends of the hollow fiber mem- 
branes are sealed with the adhesive at the same time. 
Thereafter, the rod, pipe or plate for forming through- 
holes 14a is taken out of the adhesion and fixation layer 
to form through-holes 14a. 

[0047] The following is also possible: a rod, pipe or 
plate for forming through-holes 14a is set in the bundle 
of the hollow fiber membranes, followed by adhesion 
and fixation, and the instrument for forming through- 
holes 14a is taken out, after which a bottom ring 13 is 
fixed at the periphery of the adhesion and fixation layer 
by adhesion or welding. 

[0048] An example of tank type filtration apparatus 
(Fig. 1 ) comprising the hollow fiber membrane cartridg- 
es of the present invention suspended and fixed therein 
is explained below. 

[0049] In Fig. 1 , numeral 1 denotes a tank type filtra- 
tion apparatus for filtering raw water fed, which can be 
used for water treatment in reducing turbidity and bac- 
teria from a large volume of raw water such as river wa- 
ter, lake water, underground water, sea water, life waste 
water or industrial waste water. 

[0050] The filtration tank 2 of the tank type filtration 
apparatus 1 is composed of a tank main body 2a and a 
lid 2b, and a partition plate 6 is fixed on the inner wall of 
the tank main body 2a at a predetermined height by 
welding or the like so as not to permit the passage of 
liquid either in or out. A feed water chamber 7 is formed 
of a space formed by the tank main body 2a and the 
partition plate 6. A treated water chamber 10 is formed 
by the partition plate 6, the lid 2b and a packing 9. 
[0051] As described above, the inside of the filtration 
tank 2 is divided into the two chambers by the partition 
plate 6 fixed in the filtration tank 2, and each hollow fiber 
membrane cartridge 4 of the present invention is sus- 
pended in the feed water chamber 7 with its one end 
held by the partition plate 6. 

[0052] The partition plate 6 holding the hollow fiber 
membrane cartridge 4 suspended therefrom is made in 
a predetermined thickness so as to have a sufficient 
strength to withstand a load applied by the hollow fiber 
membrane cartridge and water pressure. A plurality of 
through-holes 6a for inserting the hollow fiber mem- 
brane cartridges 4 are formed at predetermined posi- 
tions of the partition plate 6. 

[0053] In the lower portion of each through-hole 6a of 
the partition plate 6, a projection 6b jutting inside the 
through-hole 6a in the direction of the diameter is 



14 

formed, and the lower end of the cartridge head 12 pro- 
vided at the periphery at the upper end of the hollow 
fiber membrane cartridge 4 is caught by the projection 
6b to suspend and hold the hollow fiber membrane car- 
tridge 4. As another embodiment, the following is pos- 
sible: a collar jutting outside in the direction of diameter 
is formed on the cartridge head, and its underside is 
brought into contact with the top surface of the partition 
plate 6 through a gasket to suspend and hold the hollow 
fiber membrane cartridge. 

[0054] An O-ring 1 5 is fitted in a groove 6c formed on 
the wall surface of each through-hole 6a of the partition 
plate 6, and the outer wall surface of the cartridge head 
12 is bonded to the O-ring 15 by pressure welding, 
whereby the cartridge head 12 is attached to the parti- 
tion plate 6 so as not to permit the passage of liquid ei- 
ther in or out. A groove for fitting the O-ring 15 therein 
may be formed on the cartridge head 12. 
[0055] The upper edge face of the cartridge head 12 
is moored by a mooring member 1 6 which has been pro- 
vided on the wall surface of each through-hole 6a of the 
partition plate 6 so as to be removable, whereby the car- 
tridge head 12 is fixed to the partition plate 6 and the 
hollow fiber membrane cartridge 4 is stably accommo- 
dated in the filtration tank 2. 

[0056] In the above structure, during filtration opera- 
tion using the tank type filtration apparatus 1 , raw water 
fed into the feed water chamber 7 through a feed water 
inlet 2c provided in the lower portion of the tank main 
body 2a of the filtration tank 2 by means of a pump (not 
shown) fills up the feed water chamber 7 and is then 
conducted to the peripheral surface of each hollow fiber 
membrane 3a. 

[0057] The raw water near the periphery of each hol- 
low fiber membrane 3a is filtered under pressure 
through the hollow fiber membrane 3a from the outside 
to the inside, and the filtered water is introduced into the 
treated water chamber 10 through the opened upper 
end of the hollow fiber membrane 3a. The filtered water 
accommodated in the treated water chamber 1 0 is taken 
out of the filtration tank 2 through a treated water outlet 
2d provided in the upper portion of the lid 2b. 
[0058] As another operation method, a method can 
be adopted which comprises carrying out filtration by 
sucking air in the treated water chamber 1 0 through the 
treated water outlet 2d by means of a suction pump (not 
shown) to reduce the pressure, while filling the feed wa- 
ter chamber 7 with raw water. 

[0059] When the hollow fiber membranes 3a are sub- 
jected to back washing with the filtered water, the filtered 
water is supplied through the treated water outlet 2d and 
allowed to flow backward into the feed water chamber 
7 to remove suspended materials (materials incapable 
of permeating the membranes) accumulated on the out- 
er walls of the hollow fiber membranes 3a, after which 
it is discharged from the filtration tank 2 through the feed 
water inlet 2c. 

[0060] When the hollow fiber membranes 3a are sub- 
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jected to gas bubbling, a gas is supplied at first to the 
feed water chamber 7 through a gas inlet 2f provided in 
the lower portion of the tank main body 2a, with the feed 
water chamber 7 filled with raw water. The gas flows as 
bubbles into the feed water chamber 7 filled with the raw 
water, through a nozzle 5a, and passes through each 
bottom ring 13 and then the through-holes 14a of the 
adhesion and fixation layer 14 to vibrate the hollow fiber 
membranes 3a. Thus, the gas peels off the suspended 
materials adhering to the surfaces of the hollow fiber 
membranes 3a. Gas accumulated in the upper portion 
of the feed water chamber 7 is discharged from the fil- 
tration tank 2 through a gas outlet 2g provided in the 
upper portion of the tank main body 2a. In the above- 
mentioned gas bubbling, since the adhesion andfixation 
layer 11 on the cartridge head side and the adhesion 
and fixation layer 14 on the bottom ring side are con- 
nected and fixed to each other by means of a stainless 
steel pipe 3b in the hollow fiber membrane cartridge 4, 
the bottom ring 13 is neither lifted nor displaced from a 
position corresponding to the nozzle 5a irrespective of 
the flow rate of the gas, so that satisfactory washing can 
be carried out. 

[0061] In the above gas bubbling operation, for exam- 
ple, air, nitrogen gas or oxygen gas is supplied at first, 
with the feed water chamber 7 filled with the raw water, 
namely, with the raw water being at rest and staying in 
the feed water chamber 7. After gas bubbling, the 
above-mentioned back washing operation is carried out 
to wash away the suspended materials peeled off as de- 
scribed above, with filtered water supplied through the 
treated water outlet 2d. The filtered water containing the 
suspended materials peeled off is discharged from the 
filtration tank 2 through the feed water inlet 2c and ac- 
commodated in a waste water tank (not shown). 
[0062] Either the gas bubbling operation or the back 
washing operation may be carried out first. They may 
also be carried out at the same time. When the back 
washing and the gas bubbling are carried out at the 
same time, rubbing of the surfaces of the membranes, 
which is apt to accompany the vibration of the hollow 
fiber membranes, can be desirably prevented. The fre- 
quencies of the above-mentioned back washing opera- 
tion and gas bubbling operation are preferably deter- 
mined while monitoring the stability of the filtration op- 
eration. 

[0063] Next, an example of tank type filtration appa- 
ratus (Fig. 4) comprising the hollow fiber membrane car- 
tridges suspended from and fixed to a treated water 
header piping is explained below. 
[0064] In Fig. 4, each hollow fiber membrane cartridge 
4 is suspended from and fixed to a branch pipe 18 
branched from a treated water header piping 17, by the 
use of a cartridge head collar 12a provided at the pe- 
riphery of the cartridge head 1 2 and a cramp 20 through 
a gasket 19. 

[0065] In the above structure, during filtration opera- 
tion using the tank type filtration apparatus 1 , raw water 



fed into a feed water chamber 7 through a feed water 
inlet 2c provided in the lower portion of the tank main 
body 2a of a filtration tank 2 by means of a pump (not 
shown) fills up the feed water chamber 7 and is then 

5 conducted to the peripheral surface of each hollow fiber 
membrane 3a. The raw water near the periphery of each 
hollow fiber membrane 3a is filtered under pressure 
through the hollow fiber membrane 3a from the outside 
to the inside, and the filtered water is introduced into the 

10 treated water header piping 1 7 through the opened up- 
per end of the hollow fiber membrane 3a and the branch 
pipe 18. The filtered water in the treated water header 
piping is discharged from the filtration tank 2 through a 
treated water outlet 2d provided in the tank main body 

15 2a. 

[0066] The concentrated water not filtered through the 
hollow fiber membranes 3a is discharged from the filtra- 
tion tank 2 through the concentrated water outlet 2g of 
a lid 2b provided in the upper portion of the filtration tank 
20 2. 

[0067] When the hollow fiber membranes 3a are sub- 
jected to back washing with the filtered water, the filtered 
water is supplied through the treated water outlet 2d and 
allowed to flow backward into the feed water chamber 

25 7 to remove suspended materials (materials incapable 
of permeating the membranes) accumulated on the out- 
er walls of the hollow fiber membranes 3a, after which 
it is discharged from the filtration tank 2 through the con- 
centrated water outlet 2g. 

30 [0068] When the hollow fiber membrane cartridges 4 
are subjected to gas bubbling, a gas is supplied at first 
to the feed water chamber 7 through a gas inlet 2f pro- 
vided in the lower portion of the tank main body 2a, with 
the feed water chamber 7 filled with raw water. The gas 

35 flows as bubbles into the feed water chamber 7 through 
a nozzle 5a and is conducted to the side of the periphery 
of each hollow fiber membrane 3a from the bottom ring 
13 through the through-holes 14a of the adhesion and 
fixation layer 1 4 to stir water in the bundle of the hollow 

40 fiber membranes 3a and vibrate the hollow fiber mem- 
branes 3a. Thus, the gas peels off the suspended ma- 
terials adhering to the surfaces of the hollow fiber mem- 
branes 3a. The gas that has vibrated the hollow fiber 
membranes 3a is discharged from the filtration tank 2 

45 through the concentrated water outlet 2g provided in the 
lid 2b. 

[0069] Either the above-mentioned gas bubbling op- 
eration or the above-mentioned back washing operation 
may be carried out first. They may also be carried out 

so at the same time. When the back washing and the gas 
bubbling are carried out at the same time, rubbing of the 
surfaces of the membranes, which is apt to accompany 
the vibration of the hollow fiber membranes, can be de- 
sirably prevented. The frequencies of the above-men- 

55 tioned back washing operation and gas bubbling oper- 
ation are preferably determined while monitoring the 
stability of the filtration operation. 
[0070] In the above-mentioned gas bubbling, since 
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the adhesion and fixation layer 1 1 on the cartridge head 
side and the adhesion and fixation layer 14 on the bot- 
tom ring side are connected and fixed to each other by 
means of a SUS pipe 3b in the hollow fiber membrane 
cartridge 4, the bottom ring 13 is neither lifted nor dis- 
placed from a position corresponding to the nozzle 5a 
irrespective of the flow rate of the gas, so that satisfac- 
tory washing can be carried out. 

[0071] Next, an example of module for rack type fil- 
tration apparatus (Figs. 5 and 6) comprising the hollow 
fiber membrane cartridge of the present invention sus- 
pended and fixed therein is explained below. The term 
"module" used herein means an assembly comprising 
a housing having at least a feed water inlet and an open- 
ended portion provided in the upper portion of the hous- 
ing and a hollow fiber membrane cartridge, wherein the 
hollow fiber membrane cartridge is inserted in the hous- 
ing and fixed to the open-ended portion in the upper por- 
tion of the housing so as to be removable and so as not 
to permit the passage of liquid either in or out. 
[0072] The housing 21 a has the feed water inlet 2c in 
the lower portion and a housing head 21b fitted with a 
concentrated water nozzle 22, in the upper portion. The 
housing head has a double-pipe structure in which the 
inner wall of the housing head has head openings that 
communicate with the concentrated water nozzle 22 
through a space formed inside the outer wall by the inner 
wall and the outer wall. The cartridge is accommodated 
inside the inner wall. 

[0073] The hollow fiber membrane cartridge of the 
present invention is inserted into the housing from 
above and fixed to the upper end of the housing head 
by means of the collar 12a of the cartridge through a 
gasket or an O-ring so as not to permit the passage of 
liquid either in or out. The collar 1 2a of the cartridge and 
a cap having a treated water outlet 2d are fixed to each 
other through an O-ring 25 so as not to permit the pas- 
sage of liquid either in or out. The housing head 21b, 
the collar 12a and the cap 24 are integrally fixed by 
means of a housing nut 23. 

[0074] In the above structure, during filtration opera- 
tion using a rack type filtration apparatus, raw water fed 
into the housing 21a through a feed water piping (not 
shown) and the feed water inlet 2c by means of a pump 
fills to the bottom ring 13 and is then conducted to the 
peripheral surface of each hollow fiber membrane 3a 
through the through-holes 14a. 

[0075] The raw water near the periphery of each hol- 
low fiber membrane 3a is filtered under pressure 
through the hollow fiber membrane 3a from the outside 
to the inside, and the filtered water is introduced into the 
cap 24 through the opened upper end of the hollow fiber 
membrane 3a. The filtered water introduced into the cap 
24 is taken out of the rack type apparatus through the 
filtered water piping (not shown) of the rack type appa- 
ratus and a treated water outlet 2d. The raw water con- 
ducted to the peripheral surface of each hollow fiber 
membrane 3a can be partly conducted to the concen- 



trated water nozzle 22 through the head openings 27 to 
be returned to the circulation tank or raw water tank (not 
shown) of the apparatus through a concentrated water 
outlet 2g. 

5 [0076] When the hollow fiber membranes 3a are sub- 
jected to back washing with the filtered water, the filtered 
water is supplied through the treated water outlet 2d and 
allowed to flow backward into the housing 21 a to remove 
suspended materials (materials incapable of permeat- 

10 ing the membranes) accumulated on the outer walls of 
the hollow fiber membranes 3a, after which it is dis- 
charged from the housing 21a through the head open- 
ings 27 and the concentrated water nozzle 22. It is also 
possible to discharge the water-containing the suspend- 

15 ed materials which has been obtained by the washing 
with the filtered water allowed to flow backward, through 
the through-holes 1 4a present in the bottom ring 1 3 and 
the feed water outlet 2c in the-lower portion. 
[0077] When the hollow fiber membranes 3a are sub- 

20 jected to gas bubbling, a gas is supplied at first to the 
bottom ring 13 through a gas inlet (not shown) provided 
in a piping connected to the feed water inlet 2c from be- 
low, with the housing 21a filled with raw water or the 
filtered water. The gas supplied passes through the 

25 through-holes 14a of the adhesion and fixation layer 14 
while staying in the skirt portion provided in the lower 
portion of the bottom ring 13, to vibrate the hollow fiber 
membranes 3a. Thus, the gas peels off the suspended 
materials adhering to the surfaces of the hollow fiber 

30 membranes 3a. It is also possible to carry out the above- 
mentioned back washing simultaneously with the gas 
bubbling and discharge the washings from the housing 
through the concentrated water nozzle 22. In this case, 
rubbing of the surfaces of the membranes, which is apt 

35 to accompany the vibration of the hollow fiber mem- 
branes, can be desirably prevented. 
[0078] Then, flushing may be carried out if necessary. 
The term "flushing" used here means a step of discharg- 
ing the suspended materials peeled off by the above- 

40 mentioned gas bubbling, from the housing. The flushing 
is usually carried out by introducing raw water through 
the feed water inlet 2c and discharging the same 
through the concentrated water nozzle 22. 
[0079] in the above-mentioned gas bubbling, since 

45 the adhesion and fixation layer 1 1 on the cartridge head 
side and the adhesion and fixation layer 14 on the bot- 
tom ring side are connected and fixed to each other by 
means of a stainless steel pipe 3b in the hollow fiber 
membrane cartridge 4, the bottom ring 13 is not lifted 

50 irrespective of the flow rate of the gas, so that satisfac- 
tory washing can be carried out. 
[0080] Specific examples concerning the cartridge of 
the present invention are described below. 



[0081] In a Henschel mixer, 23 wt% of hydrophobic 
silica having an average primary-particle size of 0.016 



55 Hollow fiber membrane A 
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p.m and a specific surface area of 110 m 2 /g (Aerosil R- 
970, a trade name, mfd. by Nippon Aerosil Co., Ltd.), 
30.8 wt% of dioctyl phthalate and 6.2 wt% of dibutyl 
phthalate were mixed, followed by adding thereto 40 
wt% of PVdF having a weight average molecular weight 
of 242,000 (Kureha KF Polymer #1000, a trade name, 
mfd. by Kureha Chemical Industry Co., Ltd.), and they 
were mixed again in the Henschel mixer. 
[0082] The resulting mixture was shaped into hollow 
fibers by melt-extruding the mixture into a water bath at 
40°C through the air at a rate of 20 m/min by using a 
hollow-fiber producing apparatus obtained by fitting a 
hollow-fiber-shaped spinning hole to a 30-mm<j> twin- 
screw extruder. The shaped product was continuously 
taken off at a rate of 20 m/min with a sponge belt type 
take-off machine having variable gaps, passed through 
a heating bath controlled at a space temperature of 
40°C, and then taken off at a rate of 40 m/min with the 
same take-off machine as above to be stretched at a 
ratio of 2.0. The resulting hollow fiber membranes were 
passed through a heating bath controlled at a space 
temperature of B0°C, and cooled by their continuous 
holding between a pair of uneven rolls located on the 
surface of water in a cooling water bath, after which the 
stretched fibers were taken off at a rate of 30 m/min with 
a sponge belt type take-off machine to be shrunk to 1 .5 
times the original length of the hollow fibers, and were 
wound up as a hank. 

[0083] Subsequently, the immersion of the wound-up 
hollow fiber membranes in methylene chloride at 30°C 
for 1 hour was repeated three times to extract dioctyl 
phthalate and dibutyl phthalate from the membranes, 
and then the membranes were dried. Thereafter, the 
hollow fiber membranes were immersed in a 50% aque- 
ous ethanol solution for 30 minutes and then in water 
for 30 minutes to be wetted with water, after which their 
immersion in a 5% aqueous sodium hydroxide solution 
at 40°C for 1 hour was repeated twice to extract hydro- 
phobic silica from the membranes, and the membranes 
thus treated were washed with warm water at 60°C for 
12 hours and then dried. 

[0084] The hollow fiber membranes thus obtained 
had an outside diameter of 1 .25 mm, an inside diameter 
of 0.65 mm, a permeability to pure water of 6,000 liters/ 
m 2 /hour/0.1 MPa, a modulus in tension of 19.6 MPa, 
and a degree of crimping of 1 .68. 

Hollow fiber membrane B 

[0085] The above-mentioned hollow fiber mem- 
branes A were heat-treated in an oven at 140°C for 2 
hours. The resulting hollow fiber membranes had an 
outside diameter of 1 .24 mm, an inside diameter of 0.65 
mm, a permeability to pure water of 5,300 liters/m 2 /hour/ 
0.1 MPa, a modulus in tension of 40.2 MPa, and a de- 
gree of crimping of 1 .72. 



Hollow fiber membrane C 

[0086] By the process described in International Pub- 
lication Number WO00/63122, the hollow fiber mem- 
5 branes made of PVdf of Example 1 in this reference 
were produced. These hollow fiber membranes had a 
modulus in tension of 77.3 MPa and waves correspond- 
ing to a degree of crimping of 1 .74. 

to Hollow fiber membrane D 

[0087] By the process described in International Pub- 
lication Number WO97/03677, the hollow fiber mem- 
branes made of a polysulfone of Example 1 in this ref- 
15 erence were produced. These hollow fiber membranes 
had a modulus in tension of 1 00 M Pa, were straight with- 
out a wave and had a degree of crimping of 1 .45. 

Hollow fiber membrane E 

20 

[0088] By the process described in JP^A-03-42025, 
the hollow fiber membranes made of a polyethylene of 
Example 1 in this reference were produced. These hol- 
low fiber membranes had a modulus in tension of 50 
25 MPa, were straight without waves and had a degree of 
crimping of 1 .47. 

Example 1 

30 [0089] Using 6,400 of the above-mentioned hollow 
fiber membranes B, a cartridge was produced which 
was composed of the cartridge head having a flat type 
collar and shown in Fig. 1 0, the bottom ring having twen- 
ty-six 11-mmc|> through-holes and a projection with a 

35 length of 40 mm and shown in Fig. 8, and two stainless 
steel pipes with an outside diameter of 10 mm and a 
thickness of 1 mm. The pipes were located at outermost 
positions in a bundle of the hollow fiber membranes as 
shown in Fig. 8 and were adhered and fixed to the hollow 

40 fiber membranes by the use of a two-pack thermosetting 
urethane resin (SA-6330A2/SA-6330B5, a trade name, 
mfd. by SUNYURECK). The cartridge head and the bot- 
tom ring were those made of ABS, and the adhesive 
used had Shore hardness values at 5°C and 40°C of 

45 65D and 40D, respectively. 

[0090] The outside diameters of the cartridge head 
and the bottom ring were 167 mm and 150 mm, respec- 
tively. The adhesive thicknesses in the cartridge head 
and the bottom ring were 65 mm and 30 mm, respec- 

so tively. The effective length of the hollow fiber mem- 
branes was 2,010 mm and the rate of slacking of the 
membranes was 4%. 

[0091] The cartridge could easily be carried by hold- 
ing the two pipes. 
55 [0092] The cartridge was accommodated in the hous- 
ing shown in Fig. 5, and a cap was joined to the cartridge 
and the housing by the use of a housing nut. In the join- 
ing, as shown in Fig. 10, the cap was fixed with two O- 
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rings inserted between the housing and cap and the car- 
tridge head, so as not to permit the passage of liquid 
either in or out. 

[0093] The module described above was set in a rack 
type apparatus and a filtration test using water of the 5 
Fuji River as raw water was carried out. The operation 
conditions are described below. 

Volume of water filtered: 2.7 m 3 /m 2 /day. 

Volume of water concentrated: one-half the vol- 
ume of water filtered. 

Volume of water used for back washing: 1 .5 times 
the volume of water filtered. 

Gas (air) flow rate: 0.3 ml/sec/fiber membrane 

Volume of water used for flushing: 2 m 3 /hour. 

Operation cycle: filtration 28.5 min. - back washing 
/ gas bubbling (at the same time) 1 min. - flushing 0.5 
min. 

[0094] In the back washing, water for back washing 
was supplied after adding sodium hypochlorite thereto 
in a proportion of 4 mg/liter. 

[0095] During the operation, the trans membrane 
pressure (in terms of its value at 20°C; the same applied 
in the other examples) after the back washing increased 
gradually and reached 40 kPa 48 hours after the back 
washing. Thereafter, it became stable and was 40 to 45 
kPa even 1 ,000 hours after the back washing. 
[0096] The water temperature during the operation 
was 8°C to 13°C, and the average turbidity was 3 ppm. 
[0097] After 1,000 hours of the operation, the car- 
tridge was taken out and the hollow fiber membranes 
and the adhesion and fixation portions of the cartridge 
were observed to find that there was no abnormality in 
them. 

Example 2 

[0098] A cartridge was produced in the same manner 
as in Example 1 except for using hollow fiber mem- 
branes C and the cartridge head having a ferrule type 
collar and shown in Fig. 9. The rate of slacking of the 
hollow fiber membranes in the cartridge was 2%. 
[0099] The hollow fiber membrane cartridge was set 
in the tank type apparatus shown in Fig. 4 and a filtration 
experiment was carried out. The operation conditions 
are described below. 

Volume of water filtered: 2.4 m 3 /m 2 /day. 

Volume of water concentrated: one-half the vol- 
ume of water filtered. 

Volume of water used for back washing: 1 .5 times 
the volume of water filtered. 

Gas (air) flow rate: 0.3 ml/sec/fiber membrane 

Volume of water used for flushing: 3 m 3 /hour. 

Operation cycle: filtration 28 min. - back washing 
/gas bubbling (at the same time) 1 min. - flushing 1 min. 
[0100] In the back washing, water for back washing 
was supplied after adding sodium hypochlorite thereto 
in a proportion of 4 mg/liter. 

[0101] During the operation, the trans membrane 



pressure after the back washing increased gradually 
and reached 60 kPa 48 hours after the back washing. 
Thereafter, it became stable and was 65 to 70 kPa even 
1 ,000 hours after the back washing. 
[0102] The water temperature during the operation 
was 12°Cto16°C, and the average turbidity was 3 ppm. 
[0103] After 1,000 hours of the operation, the car- 
tridge was taken out and the hollow fiber membranes 
and the adhesion and fixation portions of the cartridge 
were observed to find that there was no abnormality in 
them. 

Example 3 

[0104] A cartridge was produced in the same manner 
as in Example 1 except for using hollow fiber mem- 
branes A, the cartridge head having a ferrule type collar 
and shown in Fig. 9, and four 10-mm<J> fiber reinforced 
plastic round rods. The round rods were located at the 
outermost positions, respectively, corresponding to 
one-fourth the circumference of a bundle of the hollow 
fiber membranes. The rate of slacking of the hollow fiber 
membranes in the cartridge was 5%. 
[0105] The cartridge could easily be carried by hold- 
ing two of the round rods which faced each other. 
[0106] A filtration experiment using a tank type filtra- 
tion apparatus was carried out in the same manner as 
in Example 2. 

[0107] During the operation, the trans membrane 
pressure after the back washing increased gradually 
and reached 40 kPa 48 hours after the back washing. 
Thereafter, it became stable and was 40 to 45 kPa even 
1 ,000 hours after the back washing. 
[0108] The water temperature during the operation 
was 1 4°C to 1 8°C, and the average turbidity was 3 ppm. 
[0109] After 1,000 hours of the operation, the car- 
tridge was taken out and the hollow fiber membranes 
and the adhesion and fixation portions of the cartridge 
were observed to find that there was no abnormality in 
them. 

Example 4 

[01 10] A cartridge was produced in the same manner 
as in Example 1 except for using the cartridge head hav- 
ing a thread and shown in Fig. 11, changing the length 
of the projection of the bottom ring to 1 00 mm, and using 
a two-pack thermosetting urethane resin (SA- 
6330A2/SA-6330B4, a trade name, mfd. by SUNYU 
REC Co, , Ltd.) as an adhesive. This adhesive had Shore 
hardness values at 5°C and 40°C of 52D and 35D, re- 
spectively. The rate of slaking of the hollow fiber mem- 
branes in the cartridge was 4%. 
[0111] Suction filtration was carried out by connecting 
the hollow fiber membrane cartridge to a piping as 
shown in Fig. 1 1 and immersing the same in a raw-water 
tank. In the projection of the bottom ring of the cartridge, 
a through-hole was provided at a distance of 10 mm 
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from the lower end of the projection, and a nozzle for air 
supply was inserted into this through-hole and fixed, so 
that air could be supplied to the inside of the skirt. The 
operation conditions are described below. 

Volume of water filtered: 2.7 m 3 /m 2 /day. 

Volume of water used for back washing: 1 .5 times 
the volume of water filtered. 

Gas (air) flow rate: 0.3 ml/sec/fiber membrane 

Operation cycle: filtration 18 min. - back washing 
/ gas bubbling (at the same time) 1 min. - drainage 0.5 
min. - raw water feed 0.5 min. 

[0112] (That is, in the cycle, filtration was carried out 
for a predetermined time, and then back washing and 
gas bubbling were carried out at the same time, after 
which the liquid in the raw-water tank was discharged 
from the tank, and raw water was fed to the raw-water 
tank to fill up the tank, followed by the start of filtration .) 
[0113] During the filtration, raw water was continuous- 
ly fed to the raw-water tank in the same volume as that 
of water filtered. In the back washing, water for back 
washing was supplied after adding sodium hypochlorite 
thereto in a proportion of 4 mg/liter. 
[0114] During the operation, the amount of reduced 
pressure by suction after the back washing increased 
gradually and reached 50 kPa 4B hours after the back 
washing. Thereafter, it became stable and was 50 to 55 
kPa even 1 ,000 hours after the back washing. 
[0115] The water temperature during the operation 
was 1 2°C to 1 6°C, and the average turbidity was 5 ppm. 
[0116] After 1,000 hours of the operation, the car- 
tridge was taken out and the hollow fiber membranes 
and the adhesion and fixation portions of the cartridge 
were observed to find that there was no abnormality In 
them. 

Example 5 

[01 1 7] A cartridge was produced in the same manner 
as in Example 4 except for locating two hundreds (200) 
3-mm(|>-through-holes uniformly in the bundle of the hol- 
low fiber membranes in the bottom ring. The rate of 
slacking of the hollow fiber membranes in the cartridge 
was 4%. 

[0118] A filtration experiment was carried out in the 
same manner as in Example 4. The water temperature 
during the operation was 1 2°C to 1 6°C, and the average 
turbidity was 5 ppm. 

[0119] During the operation, the amount of reduced 
pressure by suction after the back washing increased 
gradually and reached 50 kPa 48 hours after the back 
washing. Thereafter, it became stable and was 55 kPa 
500 hours after the back washing. Then, it tended to in- 
crease gradually but was 65 kPa even 1 ,000 hours after 
the back washing. 

[0120] After 1,000 hours of the operation, the car- 
tridge was taken out and the hollow fiber membranes 
and the adhesion and fixation portions of the cartridge 
were observed to find that there was no particular ab- 



normality in them. 
Example 6 

s [0121] A cartridge was produced In the same manner 
as in Example 2 except for changing the outside diam- 
eters of the cartridge head and the bottom ring to 90 mm 
and 78 mm, respectively, changing the adhesive thick- 
nesses in the cartridge head and the bottom ring to 30 

10 mm and 20 mm, respectively, using 1 ,600 hollow fiber 
membranes B, and using a two-pack thermosetting ure- 
thane resin (KC-374/KN-575, atrade name, mfd. by Nip- 
pon Polyurethane Industry Co., Ltd.) as an adhesive. Six 
through-holes were located at positions that were 19 

15 mm apart from the center of the bottom ring and corre- 
sponded to one-sixth the circumference of the bottom 
ring. The adhesive had Shore hardness values at 5°C 
and 40°C of 50D and 38D, respectively. The effective 
length of the hollow fiber membranes in the cartridge 

20 was 940 mm and the rate of slaking of the hollow fiber 
membranes in the cartridge was 3%. 
[0122] The hollow fiber membrane cartridge was set 
in the tank type apparatus shown in Fig. 4 and a filtration 
experiment was carried out. The operation conditions 

25 are described below. 

Volume of water filtered: 2.4 m 3 /m 2 /day. 
Volume of water concentrated: one-half the vol- 
ume of water filtered. 

Volume of water used for back washing: 1 .5 times 

30 the volume of water filtered. 

Gas (air) flow rate: 0.2 ml/sec/fiber membrane 
Volume of water used for flushing: 0.7 m 3 /hour. 
Operation cycle: filtration 28 min. - back washing 
/gas bubbling (at the same time) 1 min. -flushing 1 min. 

35 [0123] In the back washing, water for back washing 
was supplied after adding sodium hypochlorite thereto 
in a proportion of 4 mg/liter. 

[0124] During the operation, the trans membrane 
pressure after the back washing increased gradually 

40 and reached 50 kPa 48 hours after the back washing. 
Thereafter, it became stable and was 55 to 60 k Pa even 
1 ,000 hours after the back washing. 
[0125] The water temperature during the operation 
was 1 2°C to 1 6°C, and the average turbidity was 3 ppm. 

45 [0126] After 1,000 hours of the operation, the car- 
tridge was taken out and the hollow fiber membranes 
and the adhesion and fixation portions of the cartridge 
were observed to find that there was no abnormality in 
them. 

50 

Example 7 

[0127] A cartridge was produced in the same manner 
as in Example 6 except for using hollow fiber mem- 
55 branes D. The rate of slacking of the hollow fiber mem- 
branes in the cartridge was 0.5%. 
[0128] A filtration experiment was carried out in the 
same manner as in Example 6. 
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[0129] During the operation, the trans membrane 
pressure after the back washing increased gradually 
and reached 40 kPa 48 hours after the back washing. 
Thereafter, it increased gradually and reached 90 kPa 
500 hours the back washing and then 140 kPa 1,000 s 
hours after the back washing. 

[0130] The water temperature during the operation 
was 1 2°C to 1 6°C, and the average turbidity was 3 ppm. 
[0131] After 1,000 hours of the operation, the car- 
tridge was taken out and the hollow fiber membranes 
and the adhesion and fixation portions of the cartridge 
were observed to find that there was no abnormality in 
them. 

Example 8 

[01 32] A cartridge was produced in the same manner 
as in Example 1 except for using hollow fiber mem- 
branes E. The rate of slacking of the hollow fiber mem- 
branes in the cartridge was 3%. 
[0133] A filtration experiment was carried out in the 
same manner as in Example 1 . 

[0134] During the operation, the trans membrane 
pressure after the back washing increased and reached 
80 kPa 48 hours after the back washing. Thereafter, it 
increased gradually and reached only 100 kPa 500 
hours after the back washing and then only 130 kPa 
1 ,000 hours after the back washing. 
[0135] The water temperature during the operation 
was 1 2°C to 1 0°C, and the average turbidity was 3 ppm. 
[0136] After 1,000 hours of the operation, the car- 
tridge was taken out and the hollow fiber membranes 
and the adhesion and fixation portions of the cartridge 
were observed to find that there was no abnormality In 
them. 

Example 9 

[01 37] A cartridge was produced in the same manner 
as in Example 1 . and an acceleration test for evaluating 
the durability of the cartridge in gas bubbling was carried 
out. The same operation cycle as in Example 1 was em- 
ployed except for changing the filtration time in the fil- 
tration operation in Example 1 to 2 minutes. The oper- 
ation was carried out in a closed system by returning 
filtered water, concentrated water and washing water for 
back washing to a raw-water tank. The water tempera- 
ture in the system was maintained at 5°C by cooling on 
the assumption that the operation is carried out in the 
low-water-temperature season. 

[0138] After repeating a cycle consisting of filtration, 
back washing/gas bubbling and flushing for a period cor- 
responding to 5 years in the case of employing the op- 
eration cycle described in Example 1 , the cartridge was 
taken out and observed to find that there was no abnor- 
mality in the hollow fiber membranes, the adhesion and 
fixation portions of the cartridge head, and the like. 



Comparative Example 1 

[0139] A cartridge was produced in the same manner 
as in Example 2 except for employing the bottom ring 
structure shown In Fig. 4 and Fig. 6 in JP-A-1 0-1 37552, 
locating a 25-mm<|> PVC pipe in the center of the car- 
tridge and using hollow fiber membranes D. The 
through-holes of the bottom ring are open at a distance 
of 5 mm from the PVC pipe located in the center and 
had a width of 1 0 mm. The area occupied by a bundle 
of the hollow fiber membranes was the same as in Ex- 
ample 2. The rate of slacking of the hollow fiber mem- 
branes in the cartridge was 0.5%. 
[0140] Since the middle of the cartridge could not be 
held, two persons unavoidably carried the cartridge by 
holding the cartridge head and the bottom ring, respec- 
tively. 

[0141] When the same filtration test as in Example 2 
was carried out by using said cartridge, the intermem- 
branous differential pressure after the back washing in- 
creased rapidly and reached 300 kPa 400 hours after 
the back washing, so that the operation was unavoida- 
bly discontinued. 



[0142] A cartridge was produced in the same manner 
as in Example 1 except for using a two-pack thermoset- 
ting urethane resin (Coronate-4403/Nipporan-4221 , a 
trade name, mfd. by Nippon Polyurethane Industry Co., 
Ltd.) as an adhesive. The adhesive had Shore hardness 
values at 5°C and 40°C of 72D and 28D, respectively. 
[0143] An acceleration test for evaluating the durabil- 
ity of the cartridge in gas bubbling was carried out In the 
same manner as in Example 9 to find that the hollow 
fiber membranes were broken at their adhesive interfac- 
es to cause leakage, at a point of time corresponding to 
one year of repetition of the operation cycle described 
in Example 1 . 

INDUSTRIAL APPLICABILITY 

[0144] The present inventive cartridge, module for 
rack type filtration apparatus using said cartridge, and 
tank type filtration apparatus using said cartridge permit 
long-term stable filtration operation because they max- 
imize the extension and/or vibration of each hollow fiber 
membrane during washing by gas bubbling to facilitate 
peeling-off of suspended materials accumulated on the 
outer surfaces of the hollow fiber membranes, even by 
introduction of a small volume of a gas, and permit easy 
discharge of the peeled-off suspended materials from 
the hollow fiber membrane cartridge. Furthermore, the 
cartridge of the present invention is very useful for prac- 
tical purposes because it has a sufficient durability for 
practical purposes and it is easy to handle, for example, 
when carried. The module for filtration apparatus and 
the tank type filtration apparatus which use said car- 
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tridge are economical because a housing or a tank, re- 
spectively, can be repeatedly used therein even when 
the cartridge is replaced by a fresh one. 



Claims 

1. A hollow fiber membrane cartridge comprising a 
bundle of a plurality of hollow fiber membranes, 
both ends of which are fixed by adhesion in adhe- 
sion and fixation layers, respectively, a cartridge 
head fixed at periphery of the bundle at one end so 
as not to permit passage of liquid either in or out, 
and a bottom ring fixed at periphery of the bundle, 
at the other end so as not to permit passage of liquid 
either in or out, which is characterized in that said 
cartridge head and said bottom ring are connected 
and fixed to a plurality of rods or pipes, the hollow 
portion at the end of each hollow fiber membrane 
on the cartridge head side is open, the hollow por- 
tion at the end of each hollow fiber membrane on 
the bottom ring side is sealed, and a plurality of 
through-holes are provided in the adhesion and fix- 
ation layer on the bottom ring side and are located 
in the bundle of the hollow fiber membranes. 

2. A hollow fiber membrane cartridge according to 
claim 1 , wherein the end of said bottom ring juts out 
beyond the ends of the hollow fiber membranes. 

3. A hollow fiber membrane cartridge according to 
claim 1 or claim 2, wherein said cartridge head has 
a collar at its periphery. 

4. A hollow fiber membrane cartridge according to any 
one of claims 1 to 3, wherein at least one of said 
rods or pipes is located near the periphery of the 
bundle of the hollow fiber membranes. 

5. A hollow fiber membrane cartridge according to 
claim 4, wherein said rods or pipes are connected 
and fixed to said cartridge head and said bottom 
ring by adhesion to them together with the hollow 
fiber membranes in the adhesion and fixation lay- 
ers. 

6. A hollow fiber membrane cartridge according to any 
one of claims 1 to 5, wherein the hollow fiber mem- 
branes have waves. 

7. A hollow fiber membrane cartridge according to any 
one of claims 1 to 6, wherein the modulus in tension 
of the hollow fiber membrane is less than 90 MPa 
and not less than 10 MPa. 

8. A hollow fiber membrane cartridge according to 
claim 7, wherein the modulus in tension of the hol- 
low fiber membrane Is not more than 70 MPa and 



not less than 10 MPa. 

9. A hollow fiber membrane cartridge according to any 
one of claims 1 to 8, wherein the hollow fiber mem- 

s branes are In a slacked state and the rate of slack- 
ing is not more than 10% and not less than 0.1%. 

1 0. A hollow fiber membrane cartridge according to any 
one of claims 1 to 9, wherein the plurality of said 

10 through-holes provided in the adhesion and fixation 
layer on the bottom ring side are located so that the 
hollow fiber membranes are present among the 
through-holes. 

15 11. A hollow fiber membrane cartridge according to any 
one of claims 1 to 10, wherein said plurality of 
through-holes provided in the adhesion and fixation 
layer on the bottom ring side have an inside diam- 
eter of 2 to 30 mm. 

20 

1 2. A hollow fiber membrane cartridge according to any 
one of claims 1 to 11 , wherein an adhesive consti- 
tuting said adhesion and fixation layers is a ure- 
thane resin having such a characteristic that its 

25 hardness is 70D to 30D in a working temperature 
range. 

13. A module for rack type filtration apparatus using a 
hollow fiber membrane cartridge according to any 

30 one of claims 1 to 12. 

14. A tank type filtration apparatus using a hollow fiber 
membrane cartridge according to any one of claims 
1to12. 

35 

15. A tank type filtration apparatus according to claim 
14, wherein said hollow fiber membrane cartridge 
is supported in a suspended state. 
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